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Introduction
45 The often repeated saying among typographers that "type is a beautiful group of letters, not a 46 group of beautiful letters" (1), suggests that it is only when letters work as a group that they 47 become type, a visual characteristic that we name "inter-letter regularity". To achieve this, a 48 basic principles of sign painting and font design dictates that fonts and lettering shall be based 49 on a repetition of shapes with the aim of ensuring harmony and balance between the letters 50 (2, 3) (Fig 1) . This means that all lower-and uppercase letters originate in two different 51 modular systems that put together constitute the alphabet (one for lowercase letters and one 52 for uppercase letters) (4). Such an approach naturally leads to letters of relatively similar 53 shapes (and high regularity). By contrast, it has often been proposed that greater letter 54 distinctiveness, where new features are added to selected letters, could facilitate reading, as it 55 minimizes the risk of letter confusion (5-7). However, greater letter distinctiveness also 56 decreases inter-letter regularity. To investigate whether high letter differentiation could improve peripheral reading, 61 Bernard et al. (7) created a new font, referred to as Eido (Fig 2) . They found that while 62 participants familiarized themselves with the font, their reading performance improved for 63 both letter and word recognition, although sentence reading speed was not significantly 64 improved. Xiong et al. (8) 
73
The absence of regularity in the Eido font (Fig 2) , makes it a very unusual font as a whole 74 when letters are put together to make words, even if readers are familiar with each of the 75 individual letter templates. Eido letters look as if they belong to different fonts mixed 76 together, as typographic nonsense. This is also important, since previous research has showed 77 that although readers may improve their performance by reading fonts with uncommon letter 78 shapes, they do not like to do so (10). It also suggests that without prior practice and 79 familiarization with the font style, the lack of font tuning would have a negative effect on 80 reading text set in Eido. In multiple cases, font tuning has been demonstrated in central vision 81 (11) (12) (13) . This phenomenon occurs when readers recognize a sequence of letters presented in 82 the same font faster than when presented with a mix of fonts. The effect has been shown in 83 search tasks when readers recognize a target letter among letters of the same font compared 84 to a mix of font styles (13), or when lexical decision is positively affected by successively 85 presented words being set in the same font compared to switching between fonts (Cooper 86 Black and Palatino Italic) (14) and switching between fonts of the same font family (Regular 87 and Bold) (15). The results are interpreted as an indication that the perceptual system 88 processes text representation by identifying the specific structures of a font and then tunes 89 into these features (16) .
90
This notion of feature tuning has parallels with findings on words set in miXeD cAsE. The 91 negative effect on recognition of mixed-cased words has been shown in multiple experiments 92 investigating lexical decision (17) and sentence reading (18, 19 
150
The experiments were carried out in a darkened room with dim lighting. Subjects were 151 placed at a viewing distance of 50 cm from the screen. The stimuli were presented as white 152 text on a black background. 163
The subject was asked to fixate on a central dot while words or pseudowords were 164 randomly presented at 10° in the lower visual field. The experimenter kept a close watch on 165 the subject to control for steady fixation on the target dot. Trials that involved eye movements 166 were discarded. When the subject was ready for a trial, he or she pressed the down arrow on 167 the keyboard, after which the exposure occurred. To carry out the task, the subject had to 168 press the left or right arrow when he or she identified a word or a pseudoword. The session 169 lasted about two hours and consisted of nine blocks of 100 trials for each font. The blocks 170 were presented in random order. A total of 450 words and 450 pseudowords were presented. 
248
We ran a mixed-effect model to test whether the differences observed between the fonts 249 were significant. The dependant variable was the number of letters correctly identified, the 250 fixed variables were the font types, and the random variable was the subject identity. P-values 251 that correspond to the differences between the different fonts are shown in 
General discussion
273 Our first hypothesis was that poor inter-letter regularity would impair reading performance.
274 Our results suggest that, indeed, lack of inter-letter regularity can significantly impair 275 peripheral word recognition performance. We showed this negative effect for two fonts 276 (MixedCase and Collect), both mixing lowercase and uppercase letters. These fonts with the 278 were also the fonts that significantly resulted in the poorest performances, while the fonts 279 that had a better inter-letter regularity (DejaVu and Extended) resulted in the best 280 performances. Interestingly, intermediary irregularity caused by tilted letters (Slant) did not 281 significantly affect word recognition performance.
282
The findings of the word recognition experiment cannot be explained by letter recognition 283 performances, as results were inconsistent between the two experiments. In the case of the 284 Slant font, the findings show opposite results between letter and word recognition. The Slant 285 font was the poorest-performing font with regard to letter recognition, while for word 286 recognition it showed a similar recognition rate to the two best-performing fonts and did 287 significantly better than the two mixed-case fonts. Our findings thus show an important 288 limitation of the usually accepted theory that links peripheral letter and word recognition 289 performance (22, 23) . It is also possible that the lack of regularity between letters causes the 290 disruption of word uniformity, and a consecutive decrease in word recognition performance 291 (24).
292
The letters in the slant conditions were either rotated to the right or to the left or had no 293 rotation. It appears that for letter recognition, this rotation is confusing, as it is difficult to 294 predict the nature of the rotation for each single letter. While for word recognition, the 295 rhythm produced by the rotations of the Slant font condition leads to greater predictability of 296 the word components and thus makes it easier for the subjects to tune into the font structure.
297 Our results differ from findings by Gauthier et al. (13) , who compared recognition of letter 298 trigrams where the letters were slanted to one side to the recognition of trigrams where the 299 letters were mixed between slants to the left and right (similar to our Slant font) and found no 300 difference in performance between the two font conditions. Since our experiment did not 301 compare the Slant font with a font condition that only had a slant to one side, this may be the 302 cause of the different results.
303
The fact that the mixed-case fonts (Collect and MixedCase) are the poorest-performing in 304 the word recognition experiment confirms previous studies of the mixed-cased effect on 305 foveal recognition (17) (18) (19) (20) . In the present study, we extend the findings to include peripheral 306 vision.
307
In our experiment on letter recognition, only one out of the two fonts with mixed-case 308 features was significantly outperformed by DejaVu, which indicates that the negative 309 influence of mixed-case fonts on letter recognition is less pronounced than the impact on to 310 word recognition. If letters within a word become too uncommon in relation to each other, 311 subjects may have to adopt a reading strategy based on serial processing of each single letter, 312 which is much less efficient than parallel processing drawing on orthographic lexical 313 information (25, 26) .
314
For both letter and word recognition, the long extenders hold an advantage (Extended). In 315 reading situations involving smaller visual angles, a large x-height (meaning shorter 316 extenders) is known to facilitate reading (27) . However, it is possible that if the x-height is 317 kept constant, longer extenders could also benefit reading at small visual angles. Our findings 318 suggest that for reading situations involving peripheral reading, long ascenders and 319 descenders may be an advantage. This is interesting, since, to our knowledge, this simple 320 change in fonts had never been directly tested, although it seems to be an easy way to modify 321 a font and improve letter recognition performance.
322
Studies into letter recognition suggest that letters are recognized by their features (6, 28-323 30). Viewing our findings in this perspective, the data on letter recognition suggests that as 325 importance. In contrast to this, the data on word recognition suggests that word processing 326 benefits from regularity. It is generally believed that for successful word processing, it is 327 highly essential to be able to recognize the letters and their features (26, 31, 32) ; our findings 328 add to this by demonstrating that in addition to great inter-letter dissimilarity (7), inter-letter 329 regularity within a word also contributes to successful word recognition.
331
Conclusion 332 We found evidence that a new factor, which we have labelled regularity, has a direct effect on 333 word recognition performance, as fonts of great inter-letter regularity outperformed fonts of 334 low inter-letter regularity in a peripheral word recognition task. The effect varied between 335 letter and word recognition, so that rotated familiar letter shapes had a more negative effect 336 on letter recognition than on word recognition, and mixing upper-and lowercase letters -337 which was generally detrimental -had a more negative effect on word recognition than on 338 letter recognition. Our key finding is that between letter and word recognition, great inter-339 letter regularity has the most positive effect on word recognition and less on letter 340 recognition, which shows that supplementary features can improve letter recognition, while 341 they have a negative effect on word recognition. Our findings demonstrate that the 342 typographic approach of working with inter-letter regularity is an important factor that needs 343 to be considered in the design of fonts for word processing in peripheral vision. 
